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,·. ;'o:< icclcry P;o!':J,.., 

:Oodiun H3rfnrin '!_I h~s bcr=n used ns on :;ntic~agul3nt drw:; i.1 ilumnns since 
th~ l:lt~ 19SO's. t<Jl P.Xtensi•ie body of liter?ture !18s nccunul3t<1d from this 
use. Inform~':.ion is av3i1aole on jose and effect relntionships, mach~nism of 
notion, spectrum of toxic ~ffncts 1nd trqatment of t0xic Pff~cts. retRiled 
cJi.sr.us:siO:lS of this Jr,t~ c.re found in all ph~r:nncol03Y nnd t.'jXic0l:JC,Y ~17"t 
books ~nd a IC10\·11·2dge of warfnrin's toxicity is prlrt of th~ tr~i:'!~n;; of 
physic ions. A 11orl:ing mowledGe i.s necessary for ~ll physici:.>ns tr.:!ating 
c;,rdio-vasculi1r condit.i0ns. 1he A~~ncy has, theref0r~, oast:'J its 
dat<:>rmim:~ions relativ'! to human safety in this ~t3ndnrd on this body of human 
evidenre, Also inclu:l~d for informatio-: of the re~der only is a discussion of 
speciflc registrant.-submitt~d nnd some open-literature toxicity studies of 
warfarin. This data is summ8ri z~d in Table '/I-A. 

2. Tecr.nical and r-:2nt.:fr.cturinr;-Use Procu~ts 

a. '!'echnic::l 

Gen~ri'll information on t!v: oral toxicity of the sodiu:r. sal~ 0f 'd<Jr:~rin to 
humans is readily availabl<: (Gosselin ~tal., 1976, G~J011-11"; :-:~yP.rs ~tal., 
197'3, GSC'l11-11CJ; DiPalma, 1971, GS0011-121; Gil.m<m .:t -:;1., i~·:-~, CC:C011-12:?;). 

1\vnil<~ble Pstimates of the acute ora! LDo;g of technica~ ··.srf:lri:l in nni•nals 
vnry consider8bly in the avdl3ble liter~hure (T~ble VI-{,). T.-:~ humJn data 
fro~. th'? public liter;:ture sug,~est th:Jt tech~ical v;ar~ar::l :wy iF~ :·i0~:ly toxic 
to htzn'>ns (G8ines, 1?60, 'l500?.272; E3c!< et al., 197_e, 'i51J~)<1~2; ~a:;J:-~ c.nd 
Ra<lomski, 1955, 05002253 --.see also Zendzian, 1S81,-GSC1011-120). 

Althou~h nn instance of hun3n poisoning has been alledged to havP. resulte~ from 
l:.he rcp~uted careless us~ of a warfnrin conc0ntrntc ( Frist~dt. 1nd ~t~rner, 
1'1G5, 05.J022115), no r'>ports of toxicity follm·ling sin[\le "X[Y.lsurn.s are 
:JV'lilablc. A loH dermal toxicity is expect<>d (Category ciii (~·:mlzi.an, 19?.1, 
GS0011·-120). Jn stu:lies Hith r::1bbits, the acutP. .Jermnl toxici•.y of warfarin on 
intsct s:-in was low (Ln50 greater than .3 g/1-:r;) (!";hnoiro, 1q?'i, C'l'1021143). 

~Ia toxicity dnta 1-.>:re available to assess thn. ;1cute in!12la•.ian toxicity of 
Hrlrfnrin. Bols'>d upon the nvail?.ble dat~: ·:m t!'Jo physical p:-op,'r':i'ls of 
w.Jrfzrin, it is highly unlikely that Harfarin ~;ould produce sufficient 
qu3ntiti2s of vapor to be toxic (Zendzian, 1931, GS~011-120) • 

.. ; The:-e ~re essentially no toxicological diff~renc~s bet~~en technical· 
w:u·farin and sodium warfarin 1-1hen adj!.Jstm2nts ar"! made for the rel~tive 
purity of the individual batches of test m3teri8l. 
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TEST/~!A'I'ERIAL 

ACUTE oRAL w 50 

- Technical Warfarin 

- Technical so:lil.llu 
Warfarin 

- Teehnical So:lium 
Warfarin 

:. Technical Scxlium 
Warfarin 

- Techr.!.cal Warfarin 

-Warfarin 

-Warfarin 

- Encapsulated 
warfarin 

- Encapsulated 
l1arfarin 

- 5.4% 'Granular 
l•larfarin 

- 5. 4% Granular 
Warfarin 

- 0.025% Bait 

TABLE Vl-l-, 002509 

h'ARFARIN 'I'O,..ICIT'l STUDIES 

ORGA.NISH 

Rat 

r~at 

Rat 

Rat 

Guinea Pig 

Mouse 

!1abbi.t 

Chicken 

cats 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

SEX F.ESULTS 

F 

1·1 
F 

3.0 rrg/kg 

112 rrg/kg 
10.4 rrg/kg 

100.3 rrg/kg 
8,7 rrq/kg 

323 mq/kg 
. 58 rrg/kg 

M,F 182 rrgfk 

M,F 374 rrg/kg 

~l,F BOO rr.g/kg 

~I,F 200-300 rrg/kg 

~l,F >:!. g/l:-;; 

2. 5 - 20 rrg/kg 

crmrrm: 

Gaines, 1960, 05002272 

Back et al.,l978,05003932 

Back et a1.,1978, 05003932 

Hagan and Hadumski, 1953, 
05002258 

" 

" 

" 

" 

" 

Til ec al., 1974, 00002461 

M 450-680 rrgfkg WARP, 1977, GS0011-106 
F ·· < 10 rrg/kg 

I 
F 2.5 - 5.0 rrg/kg \·IARF, 1977, GSOOll-107 

M 12.5 rrg/kg WARP, 1977, GS0011-103 
F 1.2 - 2.5 rrg/kg 

M 32 nq/kg l'IA..l'\F, 1977, GSOOll-102 
F <10 nqfkg 

11,F 55 g/kg Shapiro, 1977, 00002282 

M < 100 g/kg Shapiro, 1977, 00002281 

M,F : >20 g/kg \'IARF, 1977, GSOOll-1,13 

-coNI'INUED-
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TABLE VI-A (CONTINUED) 002509 '· 

TEST/HATERIAL ORGANISt1 SEX RESULTS CITATION 

ACUTE DERHAL w50 

- Technical ~larfarin !labbit M,F >B g/kg Shapiro, 1976, OOOU2443 

• - 5. 4% Granular Rabbit M,F 
l'larfarin 

>20 g/kg Shapiro, 1977, 00002280 

- 0.025% rait Rabbit F >20 g/kg WARP, 1977, GSOOll-116 

PRIMARY EYE IRRITA'l'ION 

- ~larfarin Rabbit None WARP, 1977, GSOOll·-104 

- Technical 11arfarin Rabbit Mild conjunc- Shapiro, 1976, 00003288 
tival irrita-
tion 

·- Encapsulated Rabbit None WARP, 1977, GSOOll-100 
l'la:cfarin 

- Technical l'larfarin Rabbit Slight conjunc- Shapiro, 1977' 00002430 
tival irritation 

- 0.54% Granuiar Rabbit Conjunctival Shapiro, 1976, 00002852 
Warfarin irritation 

- 0.025% Bait Rabbit !\'one .. 1 WARP, ~977, GSOOll-115 .,, 

- 5.4% Granular Rabbit M:Xlerate to se- Shapiro, 1977, 00002284 
l'larfarin vere conjunctival 

irritation 

PRIMARY DER!1AL IRRITATION 

.-Warfarin Rabbjt .- !\'one I'IP~, 1977, GSOOll-105 

.- Technical l'larfarin Rabbit .None Shapiro, 1976, 00002851 

- Encapsulated Rabbit None ~~, 1977, GS001l-101 
l'larfarin 

- 0. 54% l'larfarin . llild derrra1 
irritation at 

Shapiro, 1976; 00003287 

24 hours 

- 5.4% Granular ·very slight Shapiro, 1976, 00002283 
derrra1 irri-

f 
tation at 
24 hom·s 

-cQNTINUEn-
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'!'AB'E VI-A (CONI'INUED) 

TEST/l1ATERIAL CITATION-- -- -

-------·---------------------------· 
- 0.025% Bait Very slight Shapiro, 1976, 00003290 

dermal irri t.'l-
tion at 24 hours 

- 0.02~% Bait Rabbit None WARP, 1977, GSOOll-114 

TERATOGENICITY 

- Clinical Scdium Hurwm F Fetal Abnmlll3.- Sherman and Hall, 1976, 
Warfarin lities 05002097 

- Clinical Sodium Hum3.n F " Shaul et al. 1 19751 
Warfarin 05001852 ' I 19751 

• - Clinical Sodium Human F " \1arkany1 19761 05001730 
Warfarin 

- Clinical Sodium Human F " :iolzgreve et al. 1 19761 •· 
Warfarin 05003388 

CLINICAL EXPERIENCE 

- 0. 25% Warfarin Human M1F 2 fatalities Lange anc.i Terveer 1 19541 
on corn meal after ingest- 05004097 

ing the meal 
over __ 15 days 

EMERGENCY TREATMENT 

- Clinical Scdiurn Human t11F Gosselin et aL 1 J.974, 
\'larfa-:-in " " GS0011-117 

" " " Casurett and lloull 1 19751 
GS0011-ll8 

" " " t".eyers et al. 1 19781 
GS0011-119 

" " " Di PaL'lla1 19711 GS0011-121 
.. ~ -·· 

" " " Gilman et a1. 1980 1 GS()011-12.2 
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~·:arf.1ri:l has no che:ni:r.l rnol';i~s cwobl~ of 3cirlic or b:Jsic funcl·.i•:m Qnd 
th~ro are no rnP.or:s .>f tissr.,·~ ri?.:ncge follo\-;ing hu:ncm uso ( inclu•jing th::tt by 
inj~~ti.on) of liqui•1 \·mrf~rin. Hun<m datn Jnd til~ chemstry of 1mrf:1rin 
injic<Jtl) n lm: potential for nctlte eye effects ( Zendzinn, 19~1, r.~.0011-120). 
PrL:nilry eye irritation stt.rlies (c.rJe on technical Horfal'in, ~!A~F, 1977, GS0011-
10~; one on f!ncnpsulated technical ;13rfnrin, HARF, 1977, GS~')11--100) i.n nnimals 
ir.di(!::Jtl"~·~ t~r:t this ~nterial wJs not an eye :rrit~nt vJhile othc; stu:!ics 
ir.':!ic·'1~'2rJ ti'~.:t t~chnir:!al Harfarin proiuc~d mil1 ':o sl i~h~ irri t~ti·J:1 :Jf the 
conjunctive. ~n! orrr.1tion on the conc?ntratio:1 of \·mrf'lrin use·J 1/JS not. 
speci!'ied in t'1~~e stu:lies (.<:hapiro, 1g"lli, 000'l'2~?; ~:!'wp!.ro, 1C'~77, (1()1')0211~0). 

!"!spite exter.sive ht..·~qn use of warforin, no I'P.ports of dP.rmnl inflrnunetory or 
allergic responses are avail8ble, therefore, warfarin's potential for causing 
ncute dermnl effects is judg0.d to be low (Zcndzign, 1981, GS0011-120), One 
1nim3l stu1y on a!l unspC)ci.ficd concentration of Harfarin shmtP.•.l ~h1t it H35 

not irrit:1ting to t:tc- intact· skin of rnbbits. !n this st.u:!y n0~ ~.~cr til!? 
concentration of Harf"rin nor the dilu•:mt of t 11e study •natC)rial ~12re specifieoJ 
(~u1piro, 19?f, ()1'):) 11~~1)1). Tt-.o n:ir:!itionnl animl:l1 ~tu:!i·~S ~on2 J:-1 t·2~~nicnl. 
Hilrfarin, ':1\PF, 1977, GS'l011-105; croe on P.ncapsulato2d tech!lic:~1 ~nrf~rin, !-IARF, 
1977 1 ·r,:,·1011-1'J1) als'J i!ldicnted th~t this m11terinl 11ns not '1 pf'i,nary skin 
irrit:=mt. !b data ~~2!"·~ ~wailable to c::ssc:ss thG ·ier~a1. sensitiz,~tion p:>tenti~l 

of technical \I<Jrfbrin. 

' -. Cr.C-1/se Prct!ucts 

1::Jrfari:1 •.:md-us~ pro,.iucts are, usuully for:nul:Jted Hit:.rt inect D'~-~:·1'.:3 su-~h ':!S 
si1 !~on~., n:1d rr~in-'lr::~ o~ f·::>'J-~ m;"Jt.0rir'l'3 su~~ ~s 01~t~i!1. 7:1: '"".'JY.t .,,_ •·:, of tll'?se 
~r . .,iu:t..:l is f::<p·"'(:t.0r! ·: '-::-:- ~: ... -Jp:>rtior.~l to th-::ir ~-1:~;-f::r~ 1 ~::-:; ... --;~ ·. ;,.11 
'::o:<ic-ity dat.1 r~qlJirc·n?nts :we satisfie~ by ~vnil:::;bi:) clin.lcc1~. t1 V!·:!~nc:! 
e1sso~ iat~rJ ui th '~"Hr f:lr in' s h•.rnan drug use o Other d:1ta are discussn-:J belch· for 
the r·~aders g-eneral info;mnt~on only o 

Qne study indic3ted thnt the 9cute oral w20 of , ':1.025:'· gronular-
b<Jit Has ~reflter th~n 2f1 fl/':fl for both mnL·~m! !'emnl!'! l"nts (~IARF, 1'177, GS0~11-
1 11). A~ditior,al :;cu:e or:1l toxicity '3tujies r.re <>Vailable on ;; .'lr:mul.ar 
formulction cont:1ininr; 5,11" <::Jrfnrin (~h:1piro, 197?, ~'10022q2; :~npiro, 1977, 
(1')()022~1). 

On0. animal ~tu:..ly :>f n 5o'!·- tirn:1ulur product indicated n!1 ncut~ d.;r:nal toxicity 
of gr•:uter th3n 20 g/l~ (S~2piro, 1977, O:l00?2°'l). N1 :1ddition::1l acute ~ermal 
toxicity stu:ly •..Ji.t.h 0,!1?5~- ~:srf:Jrin b:'lit gave simil;,r results (\·:IIRF, 1977, 
GS0011-115). In <J primary eye irritation stu~y, 0.1 ml of n O,=jll'f, 
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gr?nular !'annul :l'~bn pro<luc<1d conjun~t i val irri t2.~ ion in r~bbi ts·. '!11~ s:uJy 
did not raport th·~ ccncentr~t.ion of 11.1rfnrin •Js~~ (;~,piro, 1·~77, CfJ002352). 
T;1 ::1~other ~rimory ey~ irr\t<Jt.i·on stu~y, (!':'l?.piro, 1G7"', !1'11122~11) 0.1 ml of a 
5.11". granul:Jr formulation p:·o:lucc:l 11odcrote to sev~r() conjuntiv<ll irrit<Jtion 
(tb: c·:>ncentration or Hurfarin ~r.rl the dilue11t. of th<: test 11~tet"iol •Jsed •,;en~ 
not spi!cificd). Another pri~;;ry .;ye irritntion stu:ly in·iicnted that a 0.025~· 
H;:trfnrin bait ~ms ner,at ivP in t.his regnrd ('tii\PF, 1(\77, G<:O'l11-115 l. E8caus~ of 
th0 dm:·2~~c·ristics of th-2 s0liC ~r·8nul2r mCJter!cls :r.ix~d \f..th some \·mrfnrin 
for~nulntiJns, th~sr:- pr::dt:ct~ ·{:Jul·! br expe~t~'i ':o ;?l~ysi~:Jllj irritnt'2 t~:: ··~Je. 

In E: prim2ry :.!·~r:nGl i.rritution ~tu·Jy, 0.5 ml Lf :: sr'.3!1U:ar for1lulntion 
pro'luced ver·y slight ier:nn! ir·~it:Jtion at 211 hours. 111e co"Jcentrn':.i•)n of 
o,;arfarin us0'l ~.Gs not specifi0.:! ~n this study (Stlapiro, 1977, CQ'J022~3). In" 
pri.rnory dermal irritation test·, 0.5ml of a 0.54'•: grr.nular formulation produced 
mild dermal irrit:Jtion at ?II l:ours. 1his study did not indicatn the 
concentr:Jtio:-~ of H~rfnrin usP.d ~2:13piro, ,1976, 1J0~:2~7;, Cn-:: ·::~ther pri·nJry 
s:.:in irrit:Jtion study • . .;ith ;:; ~·."257 bdt indicnted t'lat t.his m;;teri::~ ~.GS 
ne:ptive in t~is regnrct ('/AR!', 197~, GC:'l011-1111). 

!n :1 ·primary derrnnl irritn•,ion stujy 0.5 :nl of il v::llett'.'d/tablet<?d 
formul~tion produc~r! V8r'J sli:sh:. ~cr:n31 irrit:!ti·Jn :""~: ~u ~tours. TI1e 
concentration of ~-~~rf1:--in :m:i · ths diluent of the test m~tc:ri 31 used \Fr0. :~ot 
reported ( ~,\Japiro, 197 r,, ·~000<290) • 

An ncute ornl toxicity categbry of !. for t?chnicnl t·Ft·f;-;rin, is in:Jic~t.~rl by 
htrrmn .-!:JtR. Fonnul::Jt.r.r! produ-:t:; :v:vinn :::·'. ::"r 1 ~s;: \.'~;~~;in houl·:! hn'.'~ ;; ·nu:-::h 
lot..:0.r ncut~ ornl toY.ici~·.y .:--:t!·~~::.:--y. !n ::Jd:!i:io:1, :·,:J:~.;;, :l:'tQ s::~:n ~-O ir.·jicc:t·~ .:1 

toxicity .::;tA~ory TIT for ~YP 13 ! t'::>ct.s for t.::·::!hnic:1l 'A;lrf~·win ":J~·i c8t.c•gory TV 
for S!(in P.ffects for technic;;Jl, 1arfarin, !tJ!Tlan 'Jata indicate Rn neute d~rrnd 
toxicity catczory of EI for technicnl warfarin. 

5. Hurr.:m and Do:r.estic ~nirn~l !l;:z;:rd ''ssf•ssrnent ----
A li'lrg<? <:bta b'lse exists for, sodiun ~mrf:rrin as a result of its cli.nic:J] usoe as 
~n 3nticoagulant drug. TI1<?Se n3ta clearly <lelineat~ the <lru~ doses of sodium 
~;arf.,rin its effects its mC-Jchnnim~ ol 8ction, g:1r! •.llr.o t:-:>crtmf'nt for poisoning 
~y '"arfnrin (Zenozinn, 1<:'S1, mCf\11-1211). I:nt:1 ~lso i:l~iccrtr; that \·Ja,·fnrin is 
a He9k tera\".ogen, (~erm~n Rn"l !-'~11, 1<:'76, 05002'l'J"'; :::;J;.!ul r;':, nl., 1975, 
fJ5'l01853; "A:;rkany, 1976,· li5r:J01730; Holzer~·;e P.t :11., 1<)76, rs·,'l3~~'':i), and the 
FDA, th~r~fore, r2quires th~ folloHing l~bel wornin~ on products us~d during 
pregnancy: 

Pr~gnancy - CCU'·!ADit! passes th:ougt": the placent'.ll br.rrier, 
~mrl t:1e danger of h~orrhng~ to the fetus exists ev~n to 
the point of !'otal he:r.orrhag!'! in utero even in the al)cepted 
ther·~peutic rang~ of maternnl proth:ombin level. Clos~ 
oqerservation and laboratory :::mtrol are <;Ssential. The 
ne~oborn m;;y be particularly sensitive to sodi un Harfarin. 
The:e have been repo:ts of birth malfo:~atJons in ~hildren 
born to mothers. \lho h;,n been treated with warf~rin durins; 
':.he first trimester of prc&nancy. ~,nether ~;arfarin ~o1as in 
fact:. the responsible a~cilt h::s not bP.en established. · 'Th~rcfor~, 
women of childbe3ring potential ~~o are candidatss for nnti­
co::>gulant ther3py should be carP. fully. P.valuat-,d and the 

--- . ----··-. ---··· . 
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iwlic3tions criti~~lly revi'!Hed. !f C0li',~D11! must b2 used 
durinr, prcGn~ncy, or if th'l patient \Y.!comes pregnnnt ,l)ile 
~.·1\~inP, this drug, tho pnt.ient 5houl·i be apprisc>d of thf.' 
pot~nti3l ri::l<s to tlo'l fetus, ;m·i tile possibi1.ity of 
tArminntion of tile preo;nJ:1CY slloul·~ be dis2uss~d in light 
of those ris!<s. 
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'!'he P.r,cn2y fin:Js this stnt~ment to \J.: a re3sonnbl<> su:n11c.ry of the sdentific 
d3t.~ on •,r::rf~rin's tcrJtogenic r.DL~ntinl in hunnns. 

'!11e ,~;.·y2ncy bolieVP.S that r:~ label \mrning agt1inst ~XfJJSIJre of pr-er~nunt fem~les 
is i1pprori3t~ o:1 monuf::,c':.uring-•Jse .wilrf8rin prorlucts. Rt,r,istrants ·•\10 
dissl!,r'B ;~i.th this as~essment must supply the ~gency •,-~rth diltn r~(l2rding 
warfarin's teratogenic pot~ntial.· 

O.:Jme ',-13rf.srin products contain sul fnquinoxaline as nn cdJitionnl n~tive 
inp,redient. Tr.·~ '\J:lency hns d<Jtermined 'th~t jnta do not sh011 sulfaquincxnline 
to be an •Jfficncious active rodPnticldal in~rcdient (see p~r;e II-1 nnd Chapter 
1X). Mdition8l:!.y, .j?.ta :o:r~ not nvailahle 1.0 nllow the Ag~ncy t.:J detrm:JinC'! 
\lh'!ther sul fr.quim:n:al ina presents a risk to hu11ons. TI1erefore, the Agency Hi 11 
r2quire rezistr gnts •.;ho Hish to r<Jtain this ingredi~nt in their for~nulations to 
perform a test on t8Ch:1ical sulf~quinoxaline to determine its ~cute or8l LD50 
:md if it is found to be acutely toxic, registrants ~1ill be r<"quirerl to . 
perform, in :Jdd i tion, all acute toxicology tests required by the guiciP.lines . 

. \n ~cut~ ir.h~lation toxicity test is required for 1nrfa,rin. In 3dditio:J, 1t 
lrnzt an acute oral U:"'l test Hill h:l'lc to l;e p"rfor:,8d on sul fJquinox~;lin·2 
(<:dditio:Jal basic ?.cute· toxicit.y tests 1<ill b·? r-equired for sulfuquinoxaline if 
it is found to be acutelY, toxic .by the oral route). 

[_8EST ~VA\lABlE COPl J 
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